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MULTI-LINK TELEPHONE INTERCOM SYSTEM |

' BACKGROUND OF THE INVENTION

~ This invention relates to mul_ti-Iink telephone inter-
com systems and, more particularly, to multi-link inter-

com systems suitable for usage w:th conventmnal key

telephone sets.

Multi-link telephone intercom systems-provide a plu-
- rality of intercom links for effecting multiple conversa-
tion intercom service between a plurality of telephone
stations serviced thereby. Each link constitutes a dis-
crete two-way talking path along which two, three or
more stations can communicate when simultaneously
accessed thereto. Multi-link intercom systems typically
are characterized by a common control which includes
a single link selector for switching the subscriber sta-
tions to the links. The common control continuously
monitors or scans the stations to determine when one
subscriber station desires intercom service and, upon
sensing or receiving appropriate control signals from a
subscriber station indicative that intercom service is
desired, the common control switches the link selector
to that station and causes appropriate indications to
appear at the remaining subscriber stations which indi-
cate that the selector is in use. The link selector then
“searches for and seizes an available link, whereupon it
receives station address information from the station to
which it is switched and effects appropriate call indica-
tion at another subscriber station which, when taken
off-hook, is accessed to the link to complete the talk

2

for and seizes an available link, whereupon the link

selector assigned to that link, upon receipt of station
address information transmitted from the calling sta-
tion, causes the called station link scanner to connect

the called station telephone set to the: seized link,

thereby establishing a private two-way, talk path be-
tween the stations. Among the additional communica-
tion functions affordable by the system are: conferenc-

- ing; system busy indication; camp-on, with station call-

10

15

20
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30

- path. The station desiring intercom service is sometimes

referred to hereinafter as the “calling station” and the
‘station at which call indication is effected is sometimes

- referred to hereinafter as the *“called station”.

In most practical multi-link telephone intercom sys-
tems, therefore, the principal control and link switching
functions are concentrated in the common control and
specialized equipment is required to provide communi-
cation between the subscriber stations and the link se-
lector; however, the station circuits associated with
each htelephone station are, by comparison with the
common control, much simpler and hence less costly.
Consequently, these systems tend to be uneconomical in
small intercom (e.g. 20 or fewer stations) applications
due to the disproportionately high cost of common
control versus station costs. Further, since line concen-

tration by space division network, relay matrix or ap-

propriate hard wire connections, is employed to trans-
mit signals, typically in digital format, from the calling
station to the common control, special telephone sets
must be used at the subscriber stations, each set includ-
ing only one talk path appearance or one pair of talk
path conductors along with a second pair of conductors
which act to transmit the digital control signals. These
systems therefore cannot be used with conventional key
telephone sets in which a dedicated talk path pair is

associated with each station appearance and which
transmit station address information in the form of tone

or dial pulse signals along an accessed intercom talk
path. L | | -
- SUMMARY OF THE INVENTION

- This invention overcomes or substantially mitigates
these and other problems associated. with multi-link
intercom systems by providing a separate link selector

for each link and a separate link scanner for each sub-
scriber station. The calling station link scanner searches

33
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waiting indication at the called station; paging access;

outside line access; and optional off-hook busy opera-

tion whereby non-audible call indication will occur
with the called station telephone set off-hook.
‘According to one preferred embodiment of the in-
vention, signals are transmitted between the link scan-
ners and the link selectors in time division multiplexed
form. Each link is assigned a discrete time slot which is
identifiable by a ring synchronizer associated with each
link scanner to determine the link on which the station
is being called (or the link previously seized by the .
calling station). Another aspect of this embodiment is
that station address information in dial pulse or dual-
tone multi-frequency (DTMF) format is transmittable
from the calling station to the link selector assigned to
the seized link along the audio path established thereby.
As will be appreciated from the foregoing summary,
by providing a separate link scanner for each station,
link scanning and control-are, in the present invention,
distributed among the station circuits so that small inter-
com systems equipped with this invention are not penal-
ized by disproportionate common control costs. As the

number of stations is increased, of course, the propor-

tionate share of the total system costs will shift in favor
of station costs. Furthermore, the common control, by
providing separate link selectors for each link, elimi-
nates link switching; yet, using integrated circuit com-
ponents, can be fabricated on an economical basis. Con-
sequently, this invention offers unparalleled economy
and versatility, especially as applied to small intercom
systems. Additionally, according to the one preferred
embodiment of the invention in which time division
multiplex signal transmission is employed, it is possible
to provide a highly simplified circuit structure which
affords manufacturing and service economies and, by
providing transmission of station address information
along a seized link, conventional dial pulse or tone se-
lective key telephone sets may be used.

These and other features, objects and advantages of
the present invention will become apparent from the
detailed description and claims to follow taken in con-

junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of the multi-link telephone
intercom system according to this invention; |

FIG. 2 is a block diagram of one FIG. 1 station circuit
and one FIG. 1 link selector circuit;

FIG. 3 is a block diagram of the FIG. 1 signal circuit
and address decoder;

FIG. 4 1s a block dlagram of the FIG. 1 power supply
circuit;

FIGS 5 and 6 together constitute an electrical sche-
matic of one preferred station circuit;

FIG. 7 is an electrical schematic of one preferred
FIG. 2 off-hook busy circuit;

FIGS. 8A and 8B together constitute an electrical
schematic of one preferred link selector circuit;
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FIG. 9 1s an electrical schematic of one preferred
FI1G. 3 ringing address decoder;

FIG. 10 is an electrical schematic of one preferred
FIG. 3 system busy generator;

FIG. 11 is an electrical schematic of one preferred
FI1G. 3 divider and mixer/low pass filter;

FIG. 12 i1s an electrical schematic of one preferred
FI1G. 4 power supply circuit;

FIG. 13 is a timing diagram depicting operation of
the FIG. 1 system;

F1G. 14 1s a block diagram of a paging access circuit
for the FIG. 1 system;

FIG. 15 is a block diagram of an outside line access
circuit for the FIG. 1 system;

FIGS. 16A and 16B together constitute an electrical
schematic of one preferred FIG. 14 circuit;

FIG. 17 is an electrical schematic of one preferred
FIG. 15 circuit.

DETAILED DESCRIPTION OF THE
DRAWINGS

The FIG. 1 system 1s comprised of up to four commu-
nication links (referenced LINK 1-LINK 4), each
adapted to provide a discrete two-way talk path. In the
illustrated example, the system 1s employed with 80
telephone stations (only four illustrated), each equipped
with a conventional key telephone set 2, a lamp 4 and a
ring-out device 6. According to this invention, a sepa-
rate station circuit including a station control 10, a link
scanner 12 and hnk switch 13 1s associated with each
station—80 station circuits being provided in the FIG. 1
system. Each control 10 is connected to the station
telephone set 2 by conventional tip and ring termina-
tions T and R. A separate link selector circuit is associ-
ated with each link, four link selector circuits (refer-
enced 14, 16, 18, and 20) being connected with links
LINK 1-LINK 4, respectively. Common control buses
LKAH, RAKH and DPL connect all link scanners and
link selectors and are impressed with correspondingly
referenced time division multiplexed (TDM) control
signals. A signal circuit 22 produces four TDM timing
signals F1-F4 (see FIG. 13) which are routed to the link
selectors 14, 16, 18 and 20, respectively; to define four
TIDM time slots which correspond to and serve to iden-
tify links LINK 1-LINK 4. An address decoder re-
cetves and decodes BCD signals which appear at the
outputs of selectors 14, 16, 18, 20 and routes a TDM
station address signal via station address bus 26 to all
station control circuits 10. A power supply 28 provides
power at selected operating voltages for operating the
system. Preferred electrical circuits which make up the
FIG. 1 system are illustrated 1n further detail hereinaf-
ter, although other circuits could be used, provided
they perform the functions hereinafter described.

In brief, the F1G. 1 system operates as follows. When
a calling station assumes off-hook status, its station con-
trol detects and verifies that a valid off-hook condition
exists on the basis of the electrical signals which appear
at the tip-ring terminations T and R. In the event a valid
off-hook condition exists, the link scanner circuit associ-
ated with that station caused the station set lamp to light
steadily and commences searching for an available link
by scanning the TDM control signal present on bus
L.KAH to identify which, if any, of the four TDM time
slots defined by timing signals Fi~F4 exhibit a binary
logic signal indicative of link availability. In the event
one time slot is identified as link available, the link scan-
ner seizes the corresponding link by applying a second

3
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4

binary logic signal indicative of link seizure to bus
LKAH in that time slot. The link selector dedicated to
the now seized link detects seizure thereof and causes
dial tone to be transmitted back to the calling station
telephone set. The calling station telephone set now
may be operated in the customary key telephone man-
ner whereby the address of the called station is “dialed”
by operating a rotary dial or a push button key pad to
produce dial pulse or dual-tone multi-frequency
(DTMPF) signals, as the case may be. The preferred link
selector is capable of decoding both types of signals to
produce a decoded BCD output signal indicative of the
called station address. This signal is routed to the ad-
dress decoder 24 which identifies the link selector from
which that signal originated and thereupon transmits a
station address signal to all station control circuits. This
signal i1s composed of station address data which
uniquely corresponds to the called station address and
which appears in the TDM time slot corresponding to
the link selector identified. The station control circuit
associated with the called station, and no other station,
will respond to the station address data in the event the
calling station is in a call acceptance mode (e.g. on-
hook) by synchronizing with that signal and identifying
the link on which the incoming call is present by deter-
mining in which TDM time slot the station address data
appears. The called station control thereupon initiates
ring-out and flashing lamp indication at the called sta-
tion telephone set; and applies a binary logic signal
indicative of ring acknowledgement to bus RAKH in
the TDM time corresponding to the identified seized
link. The link selector associated with the seized link
now responds to the RAKH signal applied by the called
station control by causing a ring back signal to be trans-
mitted back to the calling station telephone set along
that link. When the called station telephone set assumes
off-hook status, the called station link scanner operates
the called station link switch 13 to connect the called
station telephone set with the now 1dentified seized link,
the ring back signal is removed, and the two stations are
simultaneously accessed to the same link. Ring-out at
the called station now is terminated while both station
lamps remain on steadily. Among the additional com-
munication functions provided by the FIG. 1 system
are:

CONFERENCE CALLING-—While carrying on an
established conversation, and a third party is to be
brought in, flash switch hook (50-200ms) to recover
dial tone. The original call will be maintained, and the
third party is then dialed. When the third party answers
a three way conversation is then established. This pro-
cedure can be repeated for any number of stations to be
brought into conference. If the party to be added does
not answer or station is busy, original conversation can
be restored by flashing switch hook (50-200ms) and
audible ring back or busy tone is eliminated. Any station
may leave the conference without affecting the conver-
sation of the other stations.

SYSTEM BUSY—If all equipped links are busy, then
the station lamps will light steadily, and no other calls
can be made. Any station coming off-hook during this
condition will receive a busy tone; but there will be no
disruption to already established conversations.

CAMP-ON—When a called station is busy (on inter-
com) the calling party will hear a busy tone. The camp-
on feature will notify the called party of an intercom
call waiting by flashing the intercom lamp. The audible
ringing will not be transmitted to the called station,
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- however, eliminating the ringing disturbance. This sta-
tus will be maintained until either the calling party or
the called partyhangs up. If the calling party hangs up,

the call is terminated. When the called party hangs up,

the calling party will have the busy tone replaced with
ring back and audible ringing will begin at the called
station. A maximum of three calling partles can be
- camped on to one called station.

CALL WAITING INDICATOR—Call waiting is a
partial function of camp-on and is indicated by flashing
lamp at a called station.

OFF-HOOK BUSY—The FIG. 7 off-hook busy
circuit basically expands camp-on to include all CO,

FEX, etc., lines on the key telephone. A busy tone will

be returned to the intercom calling party regardless of
what line the called party is on. The called party will be
notified of an intercom call waiting by the intercom line
lamp flashing, no audible ringing will occur and, as a
consequence, it is possible to eliminate the disturbance
of audible ringing while a station is busy on a line other
than the intercom. When the called party hangs up, the
connection will be completed and audible ringing will

commence.
- UNEQUIPPED STATION CODE CALLING—If

a call is made to an invalid station code (a station not
equipped with a station circuit) a busy tone will be
returned to the calling perty Likewise, each link scan-

ner is prevented from seizing a link not eqmpped wﬂth a

link selector circuit.

PAGING ACCESS—The FIG. 14 paging access
circuit provides dial selective access to five paging
zones. Each zone is provided a 600 ohm balanced audio
pair and a dry contact closure which is operated upon
dialing an assigned code. Flexibility permits external
wiring to provide multiple zone paging.

OUTSIDE LINE CONFERENCING—The FIG.
15 outside line access circuit permits an intercom station
to access and pickup an outside CO line that is on hold

6

- the existence of a valid off-hook condition to a ring

10

15

synchronization circuit 34 and to the link scanner cir-
cuit (referenced 36 in FIG. 2) of that station circuit. The
ring synchronization circuit is now informed that the
associated telephone set is off-hook or busy and, in the
event an incoming call thereafter is directed to that
station, the ring synchronization circuit will provide an
appropriate busy indication to that incoming call, as
will be described presently. FIG. 7 depicts preferred
tip-ring termination and off-hook detector circuits, and
FIG. 6 depicts preferred off-hook timer, ring synchroni-
zation and link scanner circuits.

The FIG. 2 link scanner circuit, in response to the
signal received from the off-hook timer, now begins
scanning for an available link which, in the example, is
represented by the appearance of a high or logic 1 signal
during a particular time slot defined by timing signals
F1H-F4H as depicted in FIG. 13. For example, when

~ the binary data signal which appears at pin 29 (FIG. 6)
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by dialing an assigned dial code. Once an outside line

has been accessed it will not be dropped until all parties
on that intercom link have hung up. Preferably, dialing

an outside line access code with the outside line in use .

or idle will result in busy tone being received by the
calling station. The FIG. 15 circuit interfaces to the
outside line key system line circuit, through the tip,
ring, lamp, and ‘A’ leads via an A25B type connector
cable. |

The FIG. 1 system will now be described in further
detail with reference to FIGS. 2, §, 6, 7, 8A and 8B.
FIG. 2 depicts one F1G. 1 station circuit and one FIG.

45

50

1 link selector circuit, it being understood that the re-

maining station and link selector circuits are identical.
Referring first to FIG. 2, when the telephone set associ-
ated with the illustrated station circuit is taken off-hook,
thereby placing the station set across the tip and ring
terminals T and R, electrical current is caused to flow
from ground, through an off-hook detector 30, through
a tip-ring termination 31 and the station set to negative
battery — A Bat. Detector 30 transmits a binary logic
signal indicative of off-hook -status of the associated
station set to an off-hook timer 32 which imposes a
delay upon further transmission of that signal for a time
period sufficient to allow for contact bounce and false
noise hits to dissipate in order to make the system insen-
sitive to initial off-hook conditions and prevent valida-
tion of a false off-hook condition. In the event detector
30 continues to detect an off-hook condition at the end
of that time period, timer 32 routes a signal indicative of
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is high during the time slot associated with signal F1H,
link 1 is available. Likewise,. if the binary data signal
which appears is low during the time slot associated
with signal F1H, then link 1 is in use or has been seized.
The link scanner circuit therefore reads the data present
on the LKAH lead or at pin 29 (FIG. 6) and will seize
the link which corresponds to the link available signal
which first appears commencing after the link scan is
initiated by applying a low signal to the LKAH lead or
at pin 29 (FIG. 6) during the time slot which corre-
sponds to the available link. Once a particular link has
been seized by a station circuit in the manner just de-
scribed, no other station circuit can seize that link until
it is released by the seizing station circuit. Upon seizing
a link, the calling station link scanner operates a lamp
control logic 37 which, in turn, energizes a lamp driver
39 such that the calling statlen indicator lamp lights

steadily.
Referring to FIG. 6, the link scanner circuit includes

a 4-bit shift register 38 which reads the LKAH data
present at pin 29. The output of ring synchronizer regis-
ter 38 is loaded into 4-bit register 40 in the link scanner.
Registers 38 and 40 are clocked by FIG. 13 signal FOH.
The binary signals which appear at outputs Q0-Q3 of
register 40 are routed to a 4-bit latch 42 which is
clocked by FIG. 13 signal FLS. This signal occurs
during and serves to mark each F1H signal such that the
occurrances of high signals at the Q0-Q3 outputs of
latch 42 may be correlated with respect to F1H and so
correSpond in time to the appearances of high data
signals in the four TDM time slots associated with the
LKAH control signal. The signals which appear at the
Q0-Q3 outputs of latch 42 are applied to respective link
switches which, in the illustrated system, are consti-
tuted by analog switches 44. The latch output signals
are applied to the control inputs C of switches 44. Sig-
nals FLS and FOH are generated by the FIG. 1 signal
circuit 22, as will be described in further detail herelnaf-
ter with reference to FIG. 3.

Referring again to FIG. 2, each link selector meludes

a link control signal demultiplexer 46, which receives
and converts the data signal present on the LKAH bus
to a level LKA in response to seizure of the associated
link. Level LKA is routed to a call sequence state con-
trol logic circuit 48 which causes a dial tone signal to be
applied to the talk path constituted by the seized link by
operation of a call progress tone interface §0. The dial
tone signal thus is fed back to the calling station tele-
phone set along the talk path constituted by the seized
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link, whereupon the calling station may now initiate an
appropriate dialing sequence, by push button or rotary
dial operation, as the case may be. The DTMF tone or
dial pulse signals generated during the calling sequence

and representative of a called station address are trans-
mitted from the calling station along the seized link
talking path, as is customary in conventional key tele-

phone intercom systems, and are decoded by the link
selector circuit associated with that link, as will be de-
scribed. A preferred control signal demultiplexer circuit
and a preferred call sequence state control logic circuit
are illustrated in FIG. 8A.

The preferred FIG. 8A call sequence state control
logic circuit includes two flip-flops FFA and FFB
which together provide four call sequence control logic
states. These flip-flops are triggered in appropriate com-
binations during a call sequence such that the binary
signals which appear at their outputs are representative
of predetermined stages of each call sequence as de-
picted in FIG. 13. In the example, when the outputs of
both flip-flops are low, the link selector circuit 1s 1dle;
that 1s, the associated link is not in use, or a conversation
is not in progress. The output of flip-flop FFA goes
high while the output of flip-flop FFB remains low
when a calling station initially seizes the link. This out-
put condition 1s indicative that the link selector 1s await-
ing receipt of signals corresponding to the first digit of
a two decimal digit station address. Similarly, when the
link selector circuit is awaiting receipt of the second
digit of a two decimal digit station address, the output
of flip-flop FFB goes high along with the output of
flip-flop FFA. Under ringing conditions in which the
called station is being rung, the output of flip-flop FFA
is low while the output of flip-flop FFB is high. There-
after, the output states of flip-flops FFA and FFB will
remain in the last-mentioned output state until the call-
ing station resumes on-hook status or a switch hook
flash signal (described hereinafter) is received. Upon
the occurrence of either condition, the outputs of both
flip-flops again go low, corresponding to the idle state
of the link selector circuit. |

In the event the calling station 1s equipped with a
push button telephone set, the signals transmitted from
the calling station along the seized link LINK (N) are
DTMF tones. These signals are presented to the input
of an attenuator/buffer 51. The output of this circuit is
transmitted via a dial tone reject filter 52 to a front-end
band-split filter limiter circuit made up of respective
high and low band separation filters 54, 56 and Schmitt
triggers 88, 60. This circuit separates each incoming
tone signal into 1ts two component nonharmonically
related DTMF frequencies, one frequency within a
high frequency tone group composed of frequencies
1209, 1336 and 1447 Hz, and the other within a low
frequency tone group composed of frequencies 697,
770, 852 and 941 Hz. (In the example, frequency 1633
Hz 1s not used.) The tone separation process 1s accom-
plished by the high and low band separation filters 54,
56. The signals which respectively appear at the outputs
of these filters appear as sine waves. These signals are
transformed into square wave signals and amplitude
limited by the high band and low band Schmitt triggers
58, 60. The signals which appear at the outputs of the
Schmitt triggers thus constitute square wave signals of

frequencies which fall within the high and low group 65

tone frequencies set forth above. These square wave
signals are respectively routed to the FH and FL inputs
of a digital tone detector 62, to be described presently.
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In a preferred circuit construction illustrated in FIG.
8B, the high and low band separation filters are made up
of respective three cascaded, two-pole, high pass sec-
tions which provide appropriate response drops and

midband gains without attenuation. A digital tone de-
tector 62 accepts the group-filtered and squared DTMF

frequencies which appear at inputs FH and FL and
converts them to appropriate output data in a predeter-
mined time period. Out-of-tolerance frequencies are
rejected, as are the first few cycles of each incoming
tone signal in order to prevent errors in detection due to
transients from the push-button telephone at the calling
station. The incoming tone signal is then analyzed sev-
eral times by correlation circuitry to determine whether
it is comprised of a valid tone pair. Once the incoming
signal is accepted as valid, the detector produces a nega-
tive going strobe pulse. Once this correlation process 1s
accomplished and an incoming tone signal 1s accepted
as valid, the detector will ignore any further change in
incoming tone frequency until silence 1s detected, or
until either the high group or low group incoming tone
signal disappears for more than a predetermined time
period. At the end of silence (or when sound is begin-
ning), the detector is reset and will be ready to accept
and detect another incoming tone signal representative
of another decimal digit constituting appropriate station
address information. In the example, the detector will
not repeat a given detection routine until end of silence.
Appropriate silence detection which initializes this reset
function is provided by a level detector circuit 64.
One preferred digital tone detector measures the
frequency of the incoming tone signals by counting
internally generated clock pulses provided by oscillator
66 (FIG. 8B) during respective time periods corre-
sponding to the period of selected successive square
wave cycles of both signals presented at its FH and FL
inputs. That is, the detector measures the time period
between alternate zero crossings of selected successive
square wave cycles of both signals. The clock pulses
generated by oscillator 66 therefore are of a predeter-
mined frequency substantially greater than the maxi-
mum tone frequency of incoming tone signals contained
within the high frequency tone group. Internal discrimi-
nating circuitry counts the number of clock pulses
within each cycle and determines if the incoming tone
signal is within a certain frequency range based upon
established clock count bands which correspond to the
recognition band width limits of the DTMF tones to be
detected. Digital correlation circuits in the form of
individual up-down counters respectively associated
with the DTMF tone frequencies distinguish valid tone
pairs from noise, speech or other voice frequency sig-
nals which do not correspond to the desired DTMF
frequencies. These counters count the number of valid
detections accomplished by the detector by increment-
ing the counter associated with the detected frequency
and simultaneously decrementing all remaining count-
ers. When a particular up-down counter reaches a pre-
determined count, the detector thereupon determines
that a valid detection has taken place. At that time, the
data and strobe output signals appear at the detector
outputs. If this condition does not occur before an expi-
ration of an internally generated timing function, data
will appear at the detector data output; but the strobe
pulse does not appear. In the example, the detector
includes seven data outputs which are normally high or
logic 1 and which drop to a logic O state to assert the
data. The various input and output signals indicated in
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FIG. 1 and the relationship to the remaining illustrated
circuitry are described hereinafter in additional detail.
One digital multi-frequency tone detector suitable for
use in this invention is the CRC 8030 telephone DTMF
Receiver, Rockwell International, Collins Hybrid Mi- 5

croelectronics.

The FIG. 2 level detector circuit 64 establishes a low
or logic O signal at one input of a gate 68 as long as the
amplitude of the signals which appear at the output of
the high band separation filter exceeds a predetermined 10
threshold level. This condition, of course, takes place
during receipt of each incoming tone signal. A logic 1
signal thereupon appears at the output of gate 68 and is
routed to the not inhibit (INH) input of the tone detec-
tor. The detector is thus enabled for detecting any 15
DTMF tones which appear at its FH and FL inputs.
‘The level detector thus initializes the tone detector on
the basis of silence as represented by the absence of any
signal above the predetermined threshold level. The
level detector further determines when silence has 20
ended (or sound is beginning) in order to enable the
detector in preparation for a detection sequence. In the
FIG. 8B circuit, the level detector is comprised of a
precision rectifier which generates a DC voltage pro-
portional to the peak of the output signal from the high 25
band separation filter, together with a comparater
- which vields the desired output signal whenever the
rectifier voltage falls below a predetermined reference
voltage. *

Still referring to FIG. 2, a digit reglster 70 is con- 30
nected to the data outputs of the dlgltal tone detector
.62. Register 70 includes, as illustrated in FIG. 8B, a 4-bit
tens register 72 and a 4-bit units register 74 which yield
respective BCD outputs at pins D1AH-D1DH and
D2AH-D20OH. The call sequence state control logic 35
controls into which digit register the tone detector
input data is loaded in accordance with the call se-
quence of incoming signals and is advanced from its first
or tens digit state to its second or units digit state In
response to the tone detector strobe pulse. Upon load- 40
ing of the second digit into the units register 74, the call
sequence state control logic 48 disables the tone detec-
tor by applying an appropriate binary signal at its INA
input via gate 68. Detector 62 thereafter will remain
disabled until re-enabled at a later time by the logic 45
‘circuit 48.

The BCD signals which appear at the eight outputs of
the FIG. 2 digit register 70 are routed to the inputs of
the FIG. 3 ringing address decoders 72 which convert
the two digit BCD code into a binary address signal 50
which corresponds to the address of the called station.
The address signal is composed of three binary output
signals which appear on three groups of output leads,
respectively. In the example of FIG. 2, these groups of
leads are labeled SXXH, S+XH and SYH where 55
SX =20, 30, 40, 50, 60, 70, 80, 90; X=0, 5 and Y=1, 2,

3, 4, 5. That is, the SXXH leads correspond to the tens
digit, the SYH leads correspond to unit digits from 1 to
5, and the S+ XH leads indicate whether the units digits
which appear on the SYH leads are between digits 1 and 60
Sor6and0 (low group or hlgh group) as the case may
be. |

The address s:gnal whlch appears at the outputs of
the ringing address decoders is routed back to the ring
synchronization circuits associated with all stations 65
serviced by the FIG. 1 system-'in TDM form. The ring
synchronization circuit assoclated with the called sta-
tion, however, is the only synchronization circuit which

10

will respond to the unique station address signal pres-
ented. The called station ring synchronization circuit
thereupon determines on which link the station is being
called by identifying in which TDM time slot the sta-
tion address data appears and synchronizes therewith.
The called station ring synchronization circuit there-
upon routes a signal to a ringing logic circuit 76 and the
lamp control logic 37. Circuit 76 combines the signal

from the ring synchronization circuit with a clock sig-

nal FR to operate a signalling relay 70 which applies
one of two selectable voltages as indicated, depending
upon the position of selector switch A/S, to the B lead
connected to the called station ring-out device for oper-
ating it at a predetermined frequency. Circuit 37 com-
bines the signal from the ring synchronization circuit
with clock signal FW for operating the station lamp at
a predetermined flash rate. The called station ring syn-
chronization circuit additionally routes a signal to the
called station link scanner to prevent it from scanning
for an available link, and applies a binary low signal on

- bus RAKL in the appropriate time slot. The RAKL

signal is routed via the RAKL bus to the demultiplexer
46 associated with the seized link selector circuit and is
converted to a signal level RAK. Level RAK is pres-
ented to a second input of the call sequence state control
logic circuit 48 for advancing it to its third or ringing
logic state. The RAK signal level thus indicates that the
calling station ring synchronization circuit is being
rung. The call sequence state control logic circuit there-
upon causes ring back tone to be applied to the seized
link by operating the call progress tone interface 50.
The calling party therefore is notified that the called
station is now being rung. The ring synchronization
circuit-and remaining components of the station circuit
associated with the called station will remain in the
aforementioned operational mode until the party at the
called station takes the telephone set off-hook.

At that instant, the called station off-hook detector 30
generates an off-hook signal which is routed to its off-
hook timer 32. Upon validation as a valid off-hook sig-
nal, the off-hook timer routes an off-hook signal to the
called station ring synchronization circuit which oper-
ates the called station link scanner circuit such that it
will be addressed to the siezed link. The called station
link scanner circuit now places a binary low signal on
the LKAH lead in the appropriate TDM time slot and
actuates the link switch associated with the seized link
to connect the telephone set at the calling station with
the seized link. Consequently, the calling station and the
called station telephone sets now are both connected to
the same audio talk path. The ring synchronization
circuit now removes the binary low on the RAKL bus,
in response to which the call sequence state control
logic of the link selector associated with the seized link
clears digit register 70. The outputs of the digit register
now go to zero during the time slot associated with the
seized link and, hence, cause the address signal to be
removed during that time slot from all ring synchrom—
zation circuits.

In the event the called station is busy at the time the
station address data 1s presented to its ring synchroniza-
tion circuit from the ringing address decoders, its ring
synchronization circuit will ignore the incoming station
address information but will route an output signal to
the called station lamp control logic 37. The lamp con-
trol logic thereupon causes lamp driver 39 to flash the
telephone set lamp via lead L at an appropriate flash
rate to indicate that the called station is being called
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despite the fact that the called station user is on another
line. In this event, however, the called station ring syn-
chronization circuit does not route a control signal to
the ringing logic circuit so that the ring-out device
associated with the called station is not operated.

In the event the calling telephone station is equipped
with rotary dial telephone set, dial pulse signals are
detected by the off-hook detector 30 and are passed
through the off-hook timer 32, the off-hook timer hav-
ing a response time which is greater than the period of
each dial pulse. The dial pulses are transmitted from
timer 32 to the link scanner 36 and are transmitted along
bus DPL in TDM form to the link control signal demul-
tiplexer 46 associated with the seized link. The level
signal DPL which appears at the DPL output demulti-
plexer 46 corresponds to the incoming dial pulse signals
which are detected by the station circuit off-hook detec-
tor. This signal is transmitted along lead DPL from the
demultiplexer to the input of a dial pulse descriminator
circuit 80 and thence to a dial pulse counter 81. The dial
pulse descriminator circuit verifies that the pulse signals
received correspond to valid dial pulses by determining
whether the period of the pulses exceed a predeter-
mined minimum time period. In the event the pulses are
verified as valid by the dial pulse descriminator, it ap-
plies an appropriate signal to the digit register 70 for
causing the BCD count now contained in the dial pulse
counter 81 to be loaded into the appropriate 4-bit regis-
ter. Additionally, the descriminator 80 notifies the call
sequence state control logic circuit that the first digit
has been received and thereby causes the logic circuit to
advance its logic state in preparation for receipt of dial
pulses corresponding to the second decimal digit of a
two digit station address. All signals corresponding to
the second digit are received in the generally similar
manner, multiplexed across the DPL lead, demulti-
plexed, counted and loaded into the appropriate 4-bit
register, as in the case of the first digit.

Referring to FIG. 3, the system control signals are
generated by an oscillator 82 composed of a crystal
oscillator which operates at an appropriate frequency,
for example 3.579545 MHz. The output of the oscillator
1s fed to a plurality of divider stages 84 which divide
down the oscillator frequency into a number of differ-
ent clock signals depicted in FIG. 13. Among the clock
signals generated by the divider stages are: signals
Fi1-F4 which, as already mentioned, constitute the link
clock frequencies; signal FO, the basic clock frequency
which 1s utilized in the link scanner and ring synchroni-
zation circuits to synchronize with signals RAKL,
LKAH and DPL; signal FLS, a signal utilized 1n the
link scanner circuits as a marker to tell those circuits on
which link they are operating with respect to link 1, and
to control the outputs of the link scanner circuits to
provide four level outputs for operating the four link
switches, respectively; signal FR, a signal utilized to
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control the ringing logic circuit to provide an appropri-

ate interrupted ringing rate; and signal FW, utilized to
control the lamp control logic to provide a desired lamp
flash rate. Further divisions of the oscillator frequency
are provided to obtain signals of selected audio frequen-
cies, the latter signals being passed through mixer/low
pass filters 86 of appropriate design to obtain audio call
progress signals. The primary call progress signals ob-
tained are dial tone, busy tone, audible ring-back. The
audio frequencies are generated digitally as square
waves, then are mixed and filtered by the filter circuits
86 to generaie precision sinusoidal wave forms. Busy 1

60
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and busy 2 signals are constituted by the same signal but
are brought out at different locations. The busy 1 signal
is applied to the link selector circuits at their respective
call progress tone interfaces to place busy tone on their
respectively associated links in the event the called
station does not return a RAKL signal when it 1s being
addressed by the address decoder. Busy 2 is transmitted
to all station circuits and is used only when a system
busy condition is in effect when all links are in use.

In the FIG. 1 system, the four talk paths constituted,
respectively, by LINK 1-LINK 4 are single-ended
unbalanced talk paths which provide bidirectional com-
munication between at least two stations simultaneously
connected therewith. In the example, the talk paths
constituted by LINK 1-LINK 4 are formed by hard
wire conductors. The talk path from a calling station to
a called station serviced by the FIG. 1 system is consti-
tuted by the exterior tip ring leads of the calling station
telephone set, the tip ring termination circuit 31, the link
switch, the hard wire link circuit, and the reverse coun-
terpart components of the called station, namely i1ts link
switch, tip ring termination circuit and exterior tip ring
leads. Consequently, the FIG. 1 system is well pro-
tected and does not suffer from cross talk problems
which would otherwise be associated with long runs of
station cable.

Referring now to FIG. 4, the power supply circuit
illustrated in generalized block diagram form in FIG. 1
is illustrated in additional detail. The FIG. 4 power
supply circuit includes a precision voltage regulator 88
and a zero cross detector 90. The zero cross detector
takes power which is utilized to drive the lamps in the
station sets and generates a signal referenced FT at
every zero crossing of the AC voltage signal. Refer to
the FIG. 13 timing diagram. Signal FT is applied to and
used by the lamp control logic to fire a triac Q101 (FIG.
7) which is used to turn the station set lamps on and off.
It is possible, by using a zero cross detector, to minimize
the amount of power needed to turn the lamps on and
off because the triac, once turned on, will remain on
until the AC wave form effects the next succeeding zero
crossing. Consequently, it 1s not necessary to maintain a
constant on voltage for driving the station set lamps.
The 1llustrated circuit construction further generates
less noise because the lamp triacs are fired when the
voltage 1s at a minimum. |

The regulator circuit receives unregulated B battery
voltage between 19 and 30 volts and generates three
voltages which are utilized by the system. The regula-
tor generates a temperature compensated internal volt-
age reference of —12 volts. This reference voltage is
utilized by three regulators, the first being a series pass
regulator 92 made up of a series pass amplifier and a
reference component depicted in FIG. 12. A —5 volt
series pass regulator 94 receives the output from the
series pass regulator and produces a — 5 volt voltage. A
link common reference amplifier 96 receives the —12
volt signal from the series pass regulator and provides a
low current link common which is applied to the system
audio circuits. A voltage monitor 98 monitors the volt-
age on the voltage output from the series pass regulator
and, in the event it drops below a predetermined value
such as 9 volts, will activate a LED indicator 100. A

preferred power supply circuit is illustrated in further
detail 1n FIG. 12.
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' CONFERENCING

When two stations are connected to a common link,
it 1s possible to connect additional stations to that link
for conferencing. This 1s accomplished by applying a
switch hook flash to the DPL bus. Switch hook flash is
constituted by a single open on the tip ring terminal
which is of a time duration greater than about 50 msec
up to about 200 msec. When this type of signal is applied
to the DPL lead, the dial pulse descriminator 80 deter-
mines that the signal does not correspond to a valid
rotary dial pulse digit and therefore does not implement
the pulse counting function. The dial pulse descrimina-
tor, however, routes an appropriate signal to the call
sequence state control logic circuit 48 which causes 1t to
advance one state in its call sequence. Consequently,
with two parties already accessed to a particular link,
one of those parties, by initiating an appropriate switch
hook flash, will cause the call sequence control logic to
advance to the state in which it is prepared to receive
station address information in the form of appropriate

touch tone or dial pulse signals. In this instance, the call

sequence control logic circuit will effect the same se-
quence of operations as described hereinabove with
respect to seizure of and access to a particular link by a
‘calling party, followed by ring-out at the called station.
In this instance, when the called station answers by
assuming off-hook status, that station will be connected
with the same link as the previous calling and called
stations, thereby establishing a three-way conference
call. This procedure can be repeated to add any number
of stations to the same link.

The switch hook flash function just described addi-
tionally is operative regardless of which state the call
sequence state control logic circuit is in at the time the
switch hook flash i1s effected. Consequently, the call
sequence state control logic circuit may be advanced
from its idle state to its first digit state, from the first
digit state to the second digit state, from its second digit
state to ring-out state, or from the ring-out state back to
idle state, merely by effecting appropriate switch hook
flashes. Consequently, in the event the party to be
added to the conference is busy, the switch hook flash
operation of the invention enables the calling party to
advance the call sequence state control logic circuit
back to its idle state to resume the original conversation,
or to repeat a new dialing sequence in an effort to add
a different called party to the conversation.

- Still referring to FIG. 2 of the drawings, a long flash
timer 90 also recetves the DPL signal which appears at
the output of the link control signal demultiplexor.
When one party of a two or more party conversation
returns to on-hook status, a switch hook flash signal
appears at the DPL output of the demultiplexor. The
off-hook timer in the station control (FIG. 1) of that
station removes the DPL signal upon expiration of a
one second time period. Consequently, the signal which
appears at the DPL output of the demultiplexor appears
as a flash having a duration in excess of the 750 msec
maximum dial pulse. The long flash timer circuit deter-
mines that this signal condition does not constitute a
switch hook flash and therefore applies a signal to the
call sequence state control logic circuit which prevents
it from advancing to the next logic state. Thus, In a
conference call situation, if one of the parties to the
conference returns to on-hook status, leaving the re-
maining parties to the conference in communication on
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the seized link, the call sequence state control logic
circuit will remain in the same state.

SYSTEM BUSY

A system busy generator 113 (FIG. 3) senses the data
present on bus LAKH during all time periods associated
with the TDM data signals present thereon. In the event
the data present on that bus corresponds to a binary low
during all time periods, indicative that all links are in use
or have been seized, the system busy generator pro-
duces a system busy signal which appears on lead
SYBH. This signal is routed to all station lamp control
logic circuits 37 to cause all station set lamps to light
steadily in order to indicate that the entire intercom
system composed of all four communication links is in
use. The system busy signal is also routed to a system
busy tone circuit 112 (FIG. 2) associated with station

- circuit. Each circuit 112 is responsive to signal SYBH to
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prevent link seizures while applying a busy tone pro-
duced by the signal Busy? at the tip ring termination 31.

The FIG. 3 system busy generator further receives a
signal P(N) in the event one of the links is out-of-service
when its link selector circuit is disconnected from the
system. The signal P(N) is.composed of the link TDM
clock signal. When a link selector circuit is discon-
nected or nonexistent, the signal P(N) which is pres-
ented at the system busy generator appears as if the link
associated with that circuit is busy or has been seized.
The system busy generator will respond to presentation
of that signal by applying a binary low to the link avail-
able bus LAHK to fill the time slot associated with the
out-of-service link. Consequently, the FIG. 1 system
may be utilized with less than the illustrated four links
with the system busy generator producing an appropri-
ate system busy indication with respect to any out-of-
service link. With the system busy circuit in operation,
of course, no station circuit will be permitted to access
and connect its audio talk path to a link which is not
equipped with a link selector.

CAMP-ON

To provide camp-on operation in the event a call is
received at a station already off-hook, the ring synchro-
nization circuit associated with-that station routes a
signal to its lamp control logic circuit which, in re-
sponse thereto, causes the station set lamp to change
from steady state to flashing at a predetermined flash
rate, thereby notifying the subscriber at that station that
a call is being received from and camped-on another
link. The called station set lamp transition from steady
state to flash mode thus constitutes a call-waiting indica-
tion. For the four link system 1illustrated, up to three
calls can be camped-on simultaneously in this fashion,
each of the additional calls being routed by a separate
link. A busy tone is fed back to each calling party be-
cause the ring synchronization circuit of the called
station control circuit does not return a RAKL signal.
When the station at which a call is camped-on hangs up,
a normal call sequence takes place. Upon resumption of
on-hook status and validation by its off-hook timer that
a valid on-hook condition exists, the ring synchroniza-
tion circuit and link scanner circuits of that station are
freed to receive a call which has been camped-on to that
station. The ring synchronization circuit then synchro-
nizes with the time slot associated with the link occu-
pied by the camped-on calling station, generates an
RAKL signal, and causes the station set ring-out device
to be operated. The station which is the subject of
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camp-0on can now resume off-hook status and communi-
cate in the normal manner with the heretofore camped-
on station. In the event more than one station 1s camped
on to the called station, the camped-on stations will be
randomly connected with the called station, depending 5
upon when the called station off-hook timer releases the
called station ring synchronization circuit with respect
to the various time slots associated with the links on
which the calling parties are camped. As long as each of
the calling parties remains camped on and i1s receiving 10
busy tone back, the link selector circuit associated with
the link which that party has setzed will continue to ring
the called station, resulting in only a lamp flash thereat.

OFF-HOOK BUSY 5

An off-hook busy logic circuit 114, as illustrated in
generalized block form in FIG. 1, recetves signals from
circuits 32 and 34, and transmits a return signal to cir-
cuit 34. A preferred off-hook busy logic circuit is 1Hus-
trated in FIG. 7. Signals which appear on the BSY lead 20
of the telephone set, the BSY lead being grounded
whenever the hand set is off the switch hook cradle, are
utilized to implement the off-hook busy function. The
off-hook busy logic will, in response to detection of a
ground of the BSY lead without seizure of the tip and 25
ring leads T and R, transmit a signal to the respectively
associated ring synchronization circuit to prevent it
from initiating an audible ring-out. Consequently, if an
intercom call 1s received while the off-hook busy condi-
tion 1s in effect, the calling party is placed in camp-on 30
status until the hand set is returned to the switch hook
cradle. In other words, the ground signal which appears
at the BSY lead causes the station circuit to operate as
if that telephone set is busy. A station equipped with
off-hook busy logic provides the user with the option of 35
disabling the ring-out device and relying solely on lamp
flash to indicate an incoming call, regardless of whether
or not the telephone set is 1n use or a key button is
depressed. The same functions take place if the party is
utilizing an outside line at the time the incoming call is 40
recetved—the ring-out device will not operate and only
the lamp will flash to indicate an incoming intercom
call.

PAGING ACCESS .5

Referring now to FIG. 14, a modified form of the
FIG. 1 system suitable for paging access service 1s 1llus-
trated. A system equipped with paging access utilizes
generally stmilar circuitry as that illustrated in FIGS. 1
and 2, except that the FIG. 14 paging access circuit 1s 50
substituted for the FIG. 2 station circuit. The FIG. 14
circuit enables a subscriber telephone set to be con-
nected via an internal talking path provided by one of
the FIG. 1 links to one of five audio output channels and
a unique relay control which make the system compati- 55
ble with external conventional paging circuitry not
shown. The output channels preferably serve five pag-
ing zones, each provided with a 600 ohm balanced
audio pair and dry contact closure. The FIG. 14 circuit
includes a ring synchronization circuit 118, a link scan- 60
ning circuit 120, four link switches, relay drivers 122,
and a relay matrix 124 which 1s connected to five audio
output channels. Five station address codes, SIH-SS5H,
are routed to the ring synchronization circuit to effect a
connection between a talk path which has been seized 65
by a calling station as described hereinabove with the
relay matrix via appropriate transformer coupling 126.
Matrix 124 1s controlled by drivers 122 on the basis of
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the station code which is presented to the ring synchro-
nization circuit such that the seized link can be con-

nected via the coupling 126 and relay matrix 124 to one
of the five audio output channels. |

OUTSIDE LINE CONFERENCING

Referring now to FIG. 15 of the drawings, to provide
outside line access, an outside line access circuit may be
provided. The FIG. 15 circuit connects a station tele-
phone set via a link switch, which is actuated by the link
scanner circuit as explained hereinabove, to a balanced
tip-ring pair T, R. The outside line access circutt i1s
responsive to the signal condition present in the A lead
and lamp lead L of the telephone set. A lamp state
detector 128 produces an output signal whenever a
lamp flashing signal is present on the lead L and simi-
larly an A lead state detector 130 produces a corre-
sponding signal when an open signal is present on the A
lead. The signals from the lamp state and A lead state
detectors are presented to the ring synchronization
circuit 132 which, in response to simultaneous presenta-
tion of such signals, will deliver an appropriate signal to
the link scanner circuit for connecting with the link
which has been seized by a calling station to permit
outside Iine access. The link or talk path seized by the
calling station now will be connected to the outside line
tip and ring terminals T and R. The ring synchroniza-
tion circuit 132 routes an additional signal to a relay
sequence logic circuit 136 which controls relays K 1 and
K, connected, respectively, in the ring lead R and be-
tween the A and A COMM leads, as shown (FIG. 15).
Relay K is closed by the relay sequence logic to close
the outside line talk path while simultaneously there-
with relay K3 is closed in order to ground the A lead.
Consequently, the calling station is permitted to seize
only those outside lines which have been placed on
hold. This prevents subscribers from accessing outside
lines merely by dialing the outside line access code.

Although one preferred embodiment of the mmvention
has been 1llustrated and described herein, variations will
become apparent to one of ordinary skill in the art.
Accordingly, the invention 1s not to be limited to the
specific embodiment illustrated and described herein
and the true scope and spirit of the invention are to be
determined by reference to the appended claims.

The embodiments of the invention in which an exclu-
sive property or privilege i1s claimed are defined as
follows: |

1. A communication system for providing communi-
cation between a plurality of stations, the system com-
prising: means providing a plurality of communication
links; a plurality of station circuits respectively operable
with separate stations, each said station circuit including
link scanner means for seizing an available link, and
effecting a connection with a seized link; and a plurality
of link selector circuits respectively associated with
separate links, each said link selector circuit including
means responsive to seizure of its associated link by a
calling station link scanner for causing a called station
link scanner to effect connection with the link seized by
the calling station link scanner.

2. The system of claim 1, including means for trans-
mitting a control signal between said station circuits and
said link selector circuits along a common time division
multiplexed communication path wherein data may
appear In discrete time slots which correspond, respec-
tively, to said links.
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3. The system of claim 1, including means operatively
associated with each said link scanner means for trans-
mitting a control signal between said station circuits and
said link selector circuits along a common time division
multiplexed communication path wherein data indica-
tive of link availability may appear in discrete time slots
which correspond, respectively, to said links.

4. The system of claim 3, wherein each said link scan-
ner means include means responsive to the appearance
of data indicative of link availability in one time slot for
causing data indicative of link seizure to appear in said
one time slot, and wherein each said link selector circuit
includes means responsive to the appearance of data
indicative of link seizure in the time slot corresponding
to its associated link for transmitting an audible signal to
a calling station associated with said link scanner means
along that link, and means for receiving and decoding
station address information transmitted from the calling
station along that link.

5. The system of claim 4, including means responsive
to the appearances of data indicative of link seizure in
all time slots for effecting system busy indication.

6. The system of claim 4, including address decoder

10

15

20

means for transmitting a decoded station address signal

from said link selector circuits to said station circuits
along a time division multiplexed communication path
wherein said decoded station address data appears in a
time slot which corresponds to the seized link.

7. The system of claim 6, wherein each said station
circuit includes a ring synchronizing circuit including
means responsive to unique decoded station address
~ data for identifying the seized link on the basis of the
time slot in which said unique decoded station address
data appears, and means for causing the link scanner
means associated therewith to effect a connection with
the seized link identified.

8. The system of claim 7, wherein each said station
circuit further includes a plurality of link switches re-
spectively associated with said links and operative by
said link scanner means to selectively connect said links
to a telephone set talk path.

9. The system of claim 7, including means operatively
associated with each said ring synchronizing circuit for
transmitting a control signal from said station circuits to
said link selector circuits along a common time division
multiplexed communication path wherein data indica-
tive of ring acknowledgement may appear in discrete
time slots which correspond, respectively, to said links.

10. The system of claim 9, wherein each said link
selector circuit further includes means responsive to the
appearance of data indicative of ring acknowledgement
in the time slot corresponding to its associated link for
transmitting an audible signal to the calling station
along that link.

11. The system of claim 1, wherein each said link
selector circuit includes dial pulse decoder means and
tone decoder means for decoding dial pulse encoded
station address signals and tone encoded station address
signals, respectively, transmitted from a calling station
associated with said link scanner means along a seized
link, and register means for alternately registering a
station address decoded by said dial pulse decoder
means and by said tone decoder means.

12. The system of claim 11, wherein' each said link
selector circuit includes call sequence state control
logic means advancable to successive logic states in
response to transmission of a predetermined signal from
the calling station for controlling operation of said dial
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pulse decoder means, said tone decoder means and said
register means. |

13. The system of claim 1, including means for simul-
taneously operating a ring-out device and a lamp lo-
cated at a called station associated with said link scanner
means when the called station is free to accept an inter-
com call, and means for only operating a lamp located
at the called station when the called station is busy.

14. The system of claim 13, including off-hook busy
logic means connectable with a telephone set having a
hand set and a switch hook cradle for permitting lamp
operation only when the hand set is off the switch hook
cradle.

15. The system of claim 1, including paging access
means for accessing the link seized by a calling station
associated with said link scanner means to an audio
output channel.

16. The system of claim 15, wherein said paging ac-
cess means include a relay matrix coupled to a plurality
of link switches respectively associated with said links,
a link scanner circuit adapted to selectively operate said
link switches to connect said links to an audio output
channel, and a ring synchronization circuit responsive
to a station address code routed from a calling station
for causing said link scanner circuit to operate the link
switch associated with the seized link.

17. The system of claim 1, including outside line con-
ferencing means for accessing a link seized by a calling
station associated with said link scanner means to an
outside telephone line which is on hold.

18. The system of claim 17, means connectable with a
telephone set lamp lead for detecting a lamp flashing
signal thereon, means connectable with a telephone set
lead for detecting an open signal thereon, a plurality of
link switches respectively associated with satd links, a
link scanner circuit adapted to selectively operate said
link switches to connect said links to an outside tele-
phone line, a ring synchronization circuit responsive to
simultaneous detection of the lamp flashing signal and
lead open signal for causing said link scanner circuit to
operate the link switch associated with the seized link,
and means connected with said ring synchronization
circuit for closing the outside telephone line talk path
and grounding the lead upon operation of the link
switch associated with the seized link.

19. The system of claim 1, including a power supply
comprising a triac for driving lamps located at the sta-
tions, a zero crossing detector connectable with an
alternating current power source for firing said triac,
and means providing at least one regulated voltage.

20. A multi-link telephone communication system for
providing communication between a plurality of tele-
phone stations, the system comprising: means providing
a plurality of communication links; a plurality of link
scanners respectively operable with separate telephone
stations; a plurality of link selectors respectively associ-
ated with separate links; and means providing time divi-
sion multiplexed communication between said link scan-
ners and said link selectors; each said link scanner in-
cluding means for seizing an available link, and effect-
ing a connection with a seized link; each said link selec-
tor including means responsive to presentation of a time
division multiplexed signal indicative of seizure of its
associated link for decoding station address information
transmitted along that link from a calling station, and
presenting a decoded station address signal for time
division multiplexed transmission to the link scanner
associated with a called telephone station to effect con-

nection with that link.
| % * * * S
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